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INTRODUCTION

More than 220 million people worldwide were 
living with Diabetes Mellitus (DM) in 2011, and the 
World Health Organization (WHO) forecasts that 
the number of DM deaths is likely to double by 
2030. This increasing prevalence has an uneven 
global distribution, with at least 80% of DM-related 
deaths in low- and middle-income countries. The 
increasing trend of mucormycosis associated with 
diabetes is currently seen very frequently, espe-
cially in uncontrolled DM, and has a mortality rate 
that ranges from 32% to 57%1. 

Sinonasal mucormycosis is a rare disease, and 

mainly affects diabetics and immunosuppressed 
patients; rarely, it can infect normal hosts. Mucor 
can compromise the lung, the central nervous sys-
tem, the gastrointestinal tract, and the skin. The 
most common presentation is rhino-orbito-cere-
bral mucormycosis, which initially affects the nose 
and paranasal sinuses, and can progress to the 
orbit and the brain. The first description of mucor-
mycosis of the upper airways was made in 1885 by 
Paltauf, who used the term mucorin mycosis, which 
was later modified to mucormycosis. In the litera-
ture, there is an agreement in classifying fungal 
rhinosinusitis as: invasive and non-invasive. Inva-
sive fungal rhinosinusitis is, in turn, classified as: 
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acute fulminant, invasive granulomatous and 
chronic invasive. Non-invasive fungal rhinosinusitis 
is classified as: mycetoma and allergic fungal2. 

The term mucormycosis is applied to any fungal 
infection by the Mucorales order, belonging to the 
Zygomycetes class. Most of the pathogenic species 
are members of the Mucoraceae family. Rhizopus 
Oryzae is the predominant pathogen; reaches 60% 
of all forms of mucormycosis and is found in 90% 
of rhino-cerebral cases3. 

In a series of 179 patients with mucormycosis, 
126 (72%) were diabetics4. Patients with uncon-
trolled hyperglycaemia, particularly those with ke-
toacidosis, are the most susceptible to infection5. 
The most common presenting features were fever, 
headache, facial swelling and proptosis. Many pa-
tients presented blindness, facial paralysis and 
meningitis. The predisposing causes is uncon-
trolled diabetes with ketoacidosis6. 

The mainstay of treatment for rhino-orbito-cere-
bral mucormycosis is surgical debridement, early 
medical therapy with amphotericin B, and revers-
ing the host’s ketoacidotic or immunosuppressive 
state4. Surgical debridement is part of the corner-
stone of the treatment. Hargrove et al. also report 
that patients with the same symptoms and the same 
risk factors, but in whom the exenteration of the 
eyeball is practiced, have a higher survival rate7,8. 

Within the imaging studies, the computed tomog-
raphy of the paranasal sinuses with 4 mm slices has 
shown a variable degree of mucosal edema, opacifi-
cation, bone destruction to a different degree, in-
volvement of orbital tissue or meninges. The 
pterygopalatine fossa generally constitutes the main 
reservoir of the fungus9. The fungus can spread 
along the nerve orifices, cribriform lamina, the 
orbit and the ophthalmic artery to the meninges 
and the brain. Fungal vascular invasion leads to in-
farction and necrosis of the brain and imminent 
death. Wiatrac et al. found that CT scans in fungal 
sinusitis did not correlate well with surgical and his-
topathological findings10. However, other authors 
like Thomas J. Walsh indicate that early CT findings 
may reveal lesions before presenting symptoms in 
immunocompromised patients with high risk of in-
vasive sinopulmonary mucormycosis11.

It has been reported that cases of localized mu-
cormycosis have a low mortality rate (10%), while 
the ones associated with a worse prognosis are those 
with brain involvement. However, the general prog-
nosis has improved considerably in recent years12,13. 

Chronic hyperglycemia has been documented to 
cause polymorphonuclear leucocytosis, a series of 
alterations characterized by decreased adherence 
and chemotaxis to the vascular endothelium, 
phagocytosis, intracellular bactericidal activity, op-

sonization, and cell-mediated immunity. All these 
phenomena decrease the function of the neutro-
phils. A significant improvement in the adherence 
of neutrophils has been demonstrated in diabetic 
patients with poor control, by reducing the glyce-
mia from 294 ± 20 mg/dl to 198 ± 29 mg/dl. This 
demonstrated that an average plasma glycemia 
value of 200 mg/dl can cause leukocyte dysfunc-
tion14. Neutropenia is defined as an absolute neu-
trophil count of less than 1,500/μl in adult 
peripheral blood13. It is classified according to its 
intensity as: mild neutropenia - 1,000 to 1,500 neu-
trophils/μl; moderate - 500 to 1,000 neutrophils/
μl; severe - less than 500 neutrophils/μl15. Immu-
nocompromised hosts with granulocyte deficiency 
are at higher risk of developing opportunistic bac-
terial and fungal infection16.

Some authors report that C-reactive protein 
(CRP) and erythrocyte sedimentation rate (ESR) 
have a positive association with acute and chronic 
medical conditions. However, elevated ESR was ob-
served more frequently in acute medical condi-
tions compared to CRP17. Some other authors, 
such as Wu D., have associated an elevation in ESR 
of 77mm/h and CRP of 12 mg/l, with the severity 
of the condition18,19. Park et al. observed elevated 
levels of CRP (> 0.14 mg/dL) and ESR (> 15 
mm/h) related to general survival in a group of 
patients with sarcoma20.

We believe that these results could be trans-
ported to our cases and evaluate their correlation 
with mortality.

MATERIAL AND METHODS

A retrospective case-control study was designed at 
the Specialty Hospital no. 2, Northwestern National 
Medical Center (UMAE) in a period from January 
01, 2013 to May 30, 2020, with a view to determining 
the risk factors associated with mortality in patients 
with rhino-orbito-brain mucormycosis. 

Patients with diabetes mellitus who had been di-
agnosed with the different clinical presentations of 
rhino-orbito-brain mucormycosis were integrated 
in the study. Clinical, laboratory, radiological and 
mortality findings were considered, as well as age, 
gender. Entity cases of incomplete files and those 
that did not have a histopathological report or that 
were found to be different from mucormycosis 
were excluded. 

For the statistical analysis, Student or Mann 
Whitney U tests will be used and a p-value equal to 
or less than 0.05 will be considered for statistical 
significance, likewise we will use odd ratio to deter-
mine relative risk.
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RESULTS

In the period of time reviewed, that comprised 
from January 2013 to May 2020, 24 files were lo-
cated, excluding 5 for not meeting the inclusion 
criteria, remaining 19 cases that were considered 
for the study. In 100% of the cases, non-septate hy-
phae with right-angle branches were identified and 
the histopathological studies reported mucormyco-
sis in haematoxylin-eosin staining. The types of 
presentation were: rhinosinusal in 6 cases, rhino-

obital in 7 cases and rhino-orbito-cerebral in 6 
cases. We had a mortality of 7 (36.8%) of 19 cases.

The average age in the study group was 60.8 
years (range 44 to 82), the predominant gender 
being female with 12 patients (63.16%), while 7 
patients were male (36.84%) (Figure 1). Consider-
ing only the patients who died, in this group the 
average age was of 64 years, while in the survival 
group was of 58 years. 

During the entire study period, the highest 
number of cases was in 2017 (Figure 2).

Figure 1.  Gender repartition in the study group. (Source: clinical records from the clinical file at 
Specialty Hospital No. 2, UMAE, IMSS, Ciudad Obregon, Sonora, Mexico)

Figure 2.  Patients’ distribution per year from 2013 to 2020. (Source: clinical records from the clinical 
file at Specialty Hospital No. 2, UMAE, IMSS, Ciudad Obregon, Sonora, Mexico)
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Regarding the distribution by state, 10 patients 
were from Sonora, 6 from Sinaloa and 3 from Baja 
California (Figure 3).

Among the associated diseases, type 2 Diabetes 
Mellitus (type 2 DM) alone or in association with 
other pathologies was present in all patients. 12 pa-
tients had only type 2 DM and 7 patients had type 
2 DM associated with arterial hypertension (3 
cases), chronic kidney disease (3 cases), chronic 
liver disease (1 case) (Figure 4). 

When using the nonparametric Mann-Whitney 
U test to compare two groups regarding stage and 
survival, no significant difference was found be-
tween stage advancement and survival (p-value = 
0.28914). However, when performing the compari-
son of C-reactive protein (CRP) between the de-
ceased and the survivors, a significant difference 
was found (p-value = 0.01684), where the lower the 
CRP elevation the greater the chance of survival. 
When comparing the erythrocyte sedimentation 

Figure 3.  The distribution by state in the study group. (Source: clinical records from the clinical file at 
Specialty Hospital No. 2, UMAE, IMSS, Ciudad Obregon, Sonora, Mexico)

Figure 4.  Associated diseases in the study group (Acronyms: DM = Type 2 Diabetes Mellitus, SAH = 
Systemic Arterial Hypertension, CKD = Chronic kidney disease). (Source: clinical records from the clinical 
file at Specialty Hospital No. 2, UMAE, IMSS, Ciudad Obregón, Sonora, Mexico)
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rate (ESR) between the two groups, we did not find 
a significant statistical difference (p-value = 
0.11642). However, when comparing the absolute 
neutrophil count between the deceased and the 
survivors, a significant difference was found when 
using the Mann-Whitney U test (p-value = 0.00108), 
where a count ≥13μl presents a greater chance of 
survival compared to those with a count ≤ 2μl.

When using odds ratio (OR) to assess risk among 
patients with bone lysis on the CT scans, it was 
found that those without lytic bone lesions had an 
odd ratio of 0.17 compared to those with lytic bone 
lesions with an odd ratio of 6. 

When we used the odds ratio to evaluate the rate 
of survival according to the location of the infec-
tion, we evaluated two groups of mucormycosis, 
one rhino-orbital (ROM) and the other rhino-cere-
bral (RCM). It was evidenced that patients with 
ROM had a greater survival rate, with an OR = 0.44, 
compared to RCM with an odd ratio of 2.25. When 
comparing survival among patients with ocular ex-
enteration, the cases of exenteration had lower 
survival OR = 4, in comparison with the exenter-
ates OR = 0.25, possibly due to the fact that the 
exenterated patients had greater progression of 
the disease.

DISCUSSIONS

The estimated annual incidence of mucormycosis 
in the United States is 1.7 cases / million21. In our 
8-year study period (2013-2020), we found a preva-
lence of 24 cases, higher than that reported by Nan 
Jiang et al. with 11 cases between 2006 to 201322. 

The average age in our study group was 60.8 
years (range 44 to 82), higher than that reported 
by Jiang et al. with 53.7 years (range 45-60 years) 
and Jeong et al. with 51 years (39 to 61 years)22,23. 
Death cases had an average age higher than 64 
years, while those who survived had an average age 
of 58 years. Our findings are similar to those de-
scribed by Jayalakshmi et al.24. In a study performed 
in 2007 on 38 patients, they concluded that age 
greater than 60 years presented a higher risk of 
death. However, in our series, there was not a sta-
tistically significant difference between the average 
age of death and survival group (p-value = 0.33204), 
similar to that reported by Jayalakshmi24.

In our study, the predominant gender was fe-
male (12 patients, 63.16%), different from that re-
ported by Corzo-Leon et al. in a systematic review 
where they indicated a higher number in men 
(54%)25. Our results are similar to those reported 
by Abdollahi et al. (26.7% men and 73.3% 
women)26. 

In our case series, we had a mortality of 7 
(36.84%) of 19 cases. Our results are between 
those reported by Abdollahi et al. with 26.6% of 15 
cases26 and Jayalakshmi et al. with 47.4% in a series 
of 46 patients24. 

Talmí Y. et al. established a staging of rhino-or-
bito-cerebral mucormycosis associating this with 
mortality: Stage I - rhinosinusal disease localized 
only in the nose with minimal tissue invasion, with 
100% survival rate; Stage II - disease limited to the 
nose, ipsilateral sinuses and orbit, with 80% sur-
vival rate; Stage III - disease involving intracranial 
structures with intact or limited impaired cogni-
tion, with 67% survival rate; Stage IV - disease in-
volving intracranial structures with unconsciousness 
or hemiplegia, bilateral disease, skin necrosis, pala-
tal involvement, with 0% survival rate27. 

Within Yoav Talmi’s classification, the varieties were 
more or less homogeneous represented in the present 
study where the rhino-orbital involvement was the 
most common with 7 cases (36.84%), followed by the 
rhino-orbito-cerebral with 6 cases (31.58%) and rhino-
sinusal with 6 cases (31.58%)27. These findings are a 
little different from those reported by Mallis et al.12 
and Upender et al.28 who described the rhino-orbito-
cerebral as the most common, but similar to what Ab-
dollahi et al. reported (rhino-orbital as the most 
common with 13 (86.7%))26.

Among the associated diseases, type 2 Diabetes 
Mellitus continues to be the main predisposing dis-
ease, similar to that reported in the literature12,22,25.

In the literature, there are several studies stating 
the role of C-reactive protein and erythrocyte sedi-
mentation level as a positive association with acute 
inflammatory processes and prognostic. Perform-
ing the comparison of C-reactive protein (CRP) 
between the deceased and the survivors, we found 
a value p = 0.01684, where the lower the CRP eleva-
tion the greater the chance of survival. Our results 
are similar to those reported by Cho et al. in a se-
ries of 45 patients29. According to them, associating 
more than 55.0 mg/L CRP with this event is an in-
dependent factor for poor prognosis. CRP levels 
and erythrocyte sedimentation rate (ESR) are non-
specific but commonly used laboratory markers of 
the systemic inflammatory response. When com-
paring the erythrocyte sedimentation rate (ESR) 
between the two groups, we found no significant 
difference with a value of p = 0.11642, in the same 
way some authors relate it as a monitor of response 
to treatment30. 

It is noted in the literature that some of the tra-
ditional risk factors include long-term neutrope-
nia31. In our series of cases, the cases of death 
presented drops in the absolute neutrophil count, 
however, they did not fall within the neutropenic 
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range. Cho et al.29 reported higher mortality in 
cases of severe neutropenia, similar to that found 
in our study, with only a reduction in the absolute 
neutrophil count, without falling into significant 
neutropenia.

When using odds ratios to assess the risk among 
patients with bone lysis in the tomography find-
ings, it was found that those without lytic lesions 
had an odd ratio of 0.17 compared to those with 
lytic bone lesions in the imaging study with an odd 
ratio equal to 6. Authors such as McCarthy, who 
describes a series of neurological patients with fun-
gal pathology, report that the surviving patients 
had an encapsulated and easily resectable lesion 
on CT or MRI, while those who died had a less cir-
cumscribed lesion; however, he indicates that bone 
erosion is not a sensitive marker of extension to 
the brain32.

Jung indicates that the destructive lesions ob-
served in imaging studies can give us additional 
information, but the diagnosis of rhino-cerebral 
mucormycosis cannot be ruled out even with a neg-
ative imaging study33. 

Skull base osteomyelitis and bone involvement due 
to sinonasal mucormycosis is usually absent despite 
the deep extension of the disease and, when present, 
occurs at the last stage of the course of advanced dis-
ease34,35. Considering all the above, we can relate it to 
an advanced degree disease, however, we did not find 
studies that related it to mortality.

When dividing the patients into two groups, 
based on location, in rhino-orbital mucormycosis 
(ROM) and rhino-cerebral mucormycosis (RCM), 
it was evidenced that patients with ROM had a lon-
ger survival rate (odd ratio = 0.44) compared to 
those with RCM (odd ratio = 2.25). Our results are 
similar to those of Yoav Talmi27, who points this out 
in his staging. 

When comparing survival among patients with 
ocular exenteration, the cases with exenteration 
had lower survival (OR = 4), in comparison without 
the exenterates (OR = 0.25), possibly due to the 
fact that the exenterated patients had greater pro-
gression in the disease (P = 0, 0468)36. On the 
other hand, Kashkouli et al. describe that exenter-
ation did not affect the survival of patients in a se-
ries of cases37. Authors such as Badea8 report on 
their experience on cases of mucormycosis with 
orbital extension treated successfully without or-
bital exenteration.

CONCLUSIONS

Our series presented mortality close to 40%. Age 
<64 years, CRP ≤23.1mm / L, absolute neutrophil 

count ≥13.2 1000 / µl and absence of bone erosion 
in the simple tomography, rhino-orbital stage were 
associated with a better survival in our series.

Our study has its limitations. It is a retrospective 
study design with a small population, which pro-
vides us with limitations to forcefully generalize 
our results.
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